Self-rated sleepiness responds to sleep loss, time of day and work schedules. There is, however, a lack of a normative reference showing the diurnal pattern during a normal working day, compared with a day off, as well as differences depending on stress, sleep quality, sex, age and being sick listed. The present study sought to provide such data for the Karolinska Sleepiness Scale. Participants were 431 individuals working in medium-sized public service units. Sleepiness (Karolinska Sleepiness Scale, scale 1-9) was rated at six times a day for a working week and 2 days off (>90.000 ratings). The results show a clear circadian pattern, with high values during the morning (4.5 at 07:00 hours) and evening (6.0 at 22:00 hours), and with low values (3-4) during the 10:00-16:00 hours span. Women had significantly higher (0.5 units) Karolinska Sleepiness Scale values than men, as did younger individuals (0.3 units), those with stress (1.3 units above the low-stress group) and those with poor sleep quality (1.0 units above those with qood sleep quality). Days off showed reduced sleepiness (0.7 units), while being sick listed was associated with an increased sleepiness (0.8 units). Multiple regression analysis of mean sleepiness during the working week yielded mean daytime stress, mean sleep quality, age, and sex as predictors (not sleep duration). Improved sleep quality accounted for the reduced sleepiness during days off, but reduced stress was a second factor. Similar results were obtained in a longitudinal mixed-model regression analysis across the 7 days of the week. The percentage of ratings at Karolinska Sleepiness Scale risk levels (8 + 9) was 6.6%, but most of these were obtained at 22:00 hours. It was concluded that sleepiness ratings are strongly associated with time of day, sleep quality, stress, work day/day off, being ill, age, and sex.
exclusively. Possibly, the most common one is the Epworth Sleepiness Scale (ESS; Johns, 1991) , used in epidemiology and clinical studies. Another approach is repeated ratings of momentary sleepiness in the form of visual analogue scales (Monk, 1989) , or Likert-type scales like the Stanford Sleepiness Scale (SSS; Hoddes, 1973) or the Karolinska Sleepiness Scale (KSS; Akerstedt and Gillberg, 1990) . In the present case, we are focusing on the latter scale. The KSS varies from 'very alert' to 'very sleepy, fighting sleep, an effort to remain awake' in nine steps. It has been validated against physiology and performance measures ( Akerstedt and Gillberg, 1990; Kaida et al., 2006) .
The typical daytime pattern of sleepiness during day work is one of relatively high levels in the morning (about 6), followed by a decrease in sleepiness (3-4), which is maintained until the evening, when sleepiness increases towards 6 again and with bedtime levels close to 7 (Bjorvatn et al., 1998; Ekstedt et al., 2009; Eriksen et al., 2005) .
The KSS has been used in many settings, but those related to work hours dominate. Thus, increased levels (about 7 on the 1-9 scale) are seen towards the end of night shifts as well as morning shifts Lowden et al., 1998) , during morning shifts (about 5) Lowden et al., 1998) , on mixed day/night schedules (Garde et al., 2009) , overtime work (Son et al., 2008) , during a working day in contrast to a day off (S€ oderstr€ om et al., 2006) , during longhaul flights (Powell et al., 2010) , and on 6/6 watch systems at sea . KSS values are also increased in the evening of a stressful day (Dahlgren et al., 2005) , during the whole day in patients on sick leave with stress-related diagnoses (Ekstedt et al., 2009) , and during a week of stress (Dahlgren et al., 2005) . Sleepiness while being ill with minor ailments like the common cold has not been studied, but is likely to be increased as fatigue increases during days of illness (Akerstedt et al., 2014b) . There are also indications that sleepiness may decrease with age (Lowden et al., 2009; Theorell-Haglow et al., 2006) . Only one study has investigated sex differences, and found no differences .
Despite the widespread use of self-reported sleepiness, the studies have usually been rather small and there are no normative data available for some basic life situations. One would like to know what the diurnal pattern of sleepiness looks like in a large sample, in men and women in different ages during a working day. It is also of interest to compare a working day with a day off, individuals with high and low stress, or with high and low sleep quality, as well as a day of sickness absence with a working day.
The purpose of the present study was to provide normative data on the diurnal pattern of self-rated sleepiness in a large cohort of day workers of different occupations during 1 week of regular life. In particular, the focus was on the diurnal sleepiness pattern in relation to age, sex, work days/days off, and sickness absence. In addition, also the influence of daytime stress, sleep quality, sleep duration, time of rising were investigated.
MAT ERIALS AN D METH ODS

Participants and design
The present paper was part of a larger study on health and work hours that involved a work hour reduction (Bildt et al., 2007) . This study reports on baseline data before the intervention. The effects of the intervention have been published in Schiller et al. (in press ). Participants were not selected on an individual basis but through selection of a number of work places in the public sector. An invitation to participate was sent to all public authorities in counties and towns across Sweden. Among the selection criteria were a high proportion of full-time employees À25 and 50 employees. The study was carried out in February-April and was approved by the regional ethical committee.
The participants went through a medical check-up, filled out a questionnaire and reported symptoms in a diary each day of a week. Each day they rated their sleepiness at 07:00 hours, 10:00 hours, 13:00 hours, 16:00 hours, 19:00 hours and 22:00 hours. Some attrition occurred, particularly with regard to morning ratings during days off.
At the start the study contained 821 participants. Of the total group, 508 reported to be day workers, and of these 431 worked full-time and are the main focus of this study. ) with a mean = 2.59, SD = 0.86. Insomnia patients have a mean value of 4.04 AE 0.73 . The scoring of the normative data has been reversed from the original as they were scored from 1 (good) to 5 (poor).
Measures
Sleepiness was measured using the KSS ( Akerstedt and Gillberg, 1990 ). This ranges from very alert (1) to very sleepy/ fighting sleep/an effort to stay awake (9), with labels on every other step. The performance of the scale has recently been reviewed (Akerstedt et al., 2014a) .
Data on rated sleep quality, sleep timing and sleep duration were obtained from the Karolinska Sleep Diary ( Akerstedt et al., 1997) . It includes items on difficulties falling asleep, repeated awakenings, disturbed/restless sleep, premature awakening, difficulties awakening, being well rested, fatigue or sleepiness during work or leisure, nodding off at work, nodding off during free time, pronounced snoring, general fatigue, time of lights out and of final awakening. The response alternatives for most questions were never-every day (5-1, where '1' indicated the worst value). It is ª 2017 European Sleep Research Society summarized in several indices; here we focus on sleep quality (the first four items). The diary also contained a stress scale Dahlgren et al., 2005) with nine levels, from no stress at all (1) to very high stress (9).
For descriptive purposes, also the KSQ was used . It contains the same questions as the sleep diary but the response is graded from 1 (never) to 5 (almost every day).
Statistical analysis
The statistical analysis involved repeated-measures analyses of variance (ANOVA) and multiple regression analyses.
RESUL TS
Of the total group of 816 individuals, 508 reported to be day workers. Table 1 shows values for KSS on a working day and a day off, as well as for several other factors of interest.
Diurnal pattern during working days and days off, and for sex and age Full-time (N = 431) and part-time work (N = 77) were first compared but the curves were very similar (F = 0.02, ns, df = 508), and further analyses were carried out on full-time work only. Table 1 shows that sleepiness is lower and sleep duration is longer, sleep quality is better, and the time of rising is later on a day off for full-time workers. The percentage of individuals who had any rating = 7 (severe sleepiness) was 65.7% during work days and 34.3% during days off (P < 0.001). Expressed as mean (AESD) number of ratings = 7 per day, the values for work days were 0.41 AE 0.50 and for days off 0.30 AE 0.53 (P < 0.001). The maximum possible number of rating was 4 (10:00-19:00 hours) as the morning and evening ratings were excluded because of loss of data.
The work day pattern for the full-time, day-working individuals, during the working week (N = 431), showed a strong diurnal pattern (with high values at 07:00 hours and 22:00 hours and lowest at 10:00 hours) with F = 294.4, df = 5/431, P < 0.001 (after Huyhn-Feldt correction; Fig. 1 ). It also shows a significantly higher sleepiness for women compared with men (F = 18.3, 1/431, P < 0.001). The interaction sex/time was not significant (F = 2.5, df = 5/431, ns). Age groups (<45 and =45 years) differed significantly (F = 8.35, df = 1/431), and also the interaction with time was significant (F = 3.4, df = 5/431, P < 0.001).
In the next step, work days and days off were compared. Because comparatively few individuals provided ratings at 07:00 hours on their days off, the analyses were carried out on the time points 10:00-22:00 hours only. This left 381 participants with data from that time span from both working days and days off. Work days/days off showed a significant effect (F = 87.2, P < 0.00001, df = 1/380), as well as time of day (F = 470.1, P < 0.001, df = 4/430; Fig. 2 ). Also the interaction time 9 work day (F = 14.0, P < 0.00001HF, df = 4/430) was significant. The difference between the two conditions decreased in the evening.
Figure 2 (right) shows higher sleepiness on a day of being sick-listed. Only 37 individuals had has such a day, and this group was compared with themselves for the average of days at work. The F-value for this group was F = 10.1 (P < 0.01, df = 1/36) and F = 3.0 (ns) for time. Only the time between 10:00 hours and 19:00 hours could be used because of loss of data at early and late points of measurement. 
Prediction of sleepiness
To characterize in a multivariate way the factors during the working day related to sleepiness, a multiple regression analysis was carried out using mean sleepiness during work days as a dependent variable, and sleep quality, sleep duration, time of final awakening and stress as predictors. This yielded stress (ß = 0.25, P < 0.001), sleep quality (ß = 0.24, P < 0.001), age (ß = 0.13, P < 0.01) and sex (ß = 0.15, P < 0.001) as predictors, with R 2 = 0.23 (P < 0.001). Sleep duration and time of final awakening were not significant. A multiple regression analysis was applied also to the difference in sleepiness between work days and days off using the corresponding difference in the predictors in the analysis above. The results showed a significant effect for the difference in sleep quality only ß = 0.31, P < 0.001, df = 1/ 380, with R 2 = 0.11. No other predictors became significant, but stress showed a significant univariate association (ß = 0.12, P < 0.001).
In order to gain more understanding of the sex difference, we used sex as a predictor of sleepiness and introduced the other predictors one at a time into the regression. For stress, the beta value of sex fell to ß = 0.09 (P < 0.01; from ß = 0.15, P < 0.001). For sleep quality, beta fell to ß = 0.12 (P < 0.001). Sleep duration, being married/cohabiting, or having children at home did not affect the beta weight of sex.
Diurnal pattern in groups with different levels of stress and sleep quality
In order to describe the diurnal pattern of the major predictors in the multiple regression analysis, the sample was first subdivided into those with low, median and high tertiles of mean stress levels during the working week. This analysis could not be combined with age and sex as some cell sizes became too small. The cutoff values became: low = 1-2.12, medium = 2.13-3.10 and high = 3.11-6.31, with a total N of 228 (group with all data on work days and non-work days) with 76 individuals in each group. The ANOVA showed significant effects for group (F = 28.2, P < 0.00001, df = 2/225), work day (F = 21.1, P < 0.00001, df = 1/225), time (F = 301.8, P < 0.00001HF, df = 5/1125), time 9 work day (F = 58.4, P < 0.00001HF, df = 5/1125) and group 9 time (F = 2.4, P < 0.022HF, df = 2/1125; Fig. 3 ; day off not displayed)). The diurnal pattern was one of highest sleepiness for the high-stress group and lowest for the low-stress group, with the interaction term indicating higher 07:00 hours sleepiness during the free days.
For sleep quality, the cutoffs became: low = 2.25-4.00, medium = 4.00-4.44 and high = 4.45-5, with 76 participants in each group. The ANOVA showed significant results for group (F = 15.8, P < 0.00001, df = 2/225), work day (F = 20.9, P < 0.00001, df = 1/225), time (F = 286.6, P < 0.00001HF, df = 5/1125), work day 9 time (F = 58.4, P < 0.00001HF, 
Longitudinal prediction of sleepiness
The present study was mainly focused on descriptive data for KSS under different daily life situations but, in order to understand the temporal co-variation of KSS and other variables, the variation across the 7 days of recorded diary data was used. For this purpose, a mixed-model regression analysis was carried out, with KSS as the dependent variable, and stress, sleep quality, sleep duration, sex and work day/no work day as predictors. The analysis used an unstructured variance/co-variance matrix. The sleep variables were rated on awakening, and the KSS and stress values were computed as means for the same day. Table 2 shows that the strongest predictors were sleep quality, stress and, to some extent, sleep duration. KSS increased with increasing stress, with decreasing sleep quality and decreasing sleep duration. Also, sex was a significant level 2 predictor, with higher levels for women. Day of work was a significant predictor in the univariate analysis, but did not turn out significant in the multivariate analysis.
The focus of this paper is on mean levels of sleepiness and factors that are associated with that. However, mean levels may hide more rare occurrences of high levels, indicative of accident. We have previously seen that KSS levels >8 are associated with a high risk of erratic driving (Akerstedt et al., 2014a) . We, therefore, calculated the number of times 8 or 9 were reported. We found 6151 such occurrences, out of 90 608 ratings, which amounts to 6.58% of all ratings (or 2.20% if only the time between 10:00 hours and 19:00 hours is considered).
We also computed the regression between KSS (during work) and habitual sleepiness (from the KSQ), and found ß = 0.47 (P < 0.001, R 2 = 0.22).
DI SCUSSION
The present study showed a characteristic diurnal pattern, with high values (KSS%5) at 07:00 hours, low values of about 3-4 during the day and a return to high values (6) in the late evening, and with 95% confidence intervals (CIs) of about 0.3. This pattern was modified by being off work (a reduction of 0.7 KSS units at 13:00 hours), female sex (a difference of 0.5 KSS units), higher age (a difference of 0.3 units) and illness (an increase by 0.8 units). Higher KSS was found among those with high stress (a difference of 1.3 KSS units from the low-stress group) and low sleep quality (a difference of 1.0 units from the high sleep quality group). In the multivariate, longitudinal analyses KSS values increased by 0.27 units for each increase in stress, and decreased by À0.33 units for each unit of increase in sleep quality. For sleep duration the decrease was 0.02 units per extra hour of sleep.
The diurnal pattern in the results is similar to that seen in other studies of healthy subjects during the working week (Bjorvatn et al., 1998; Ekstedt et al., 2009; Eriksen et al., 2005) , but in this case it is based on >400 individuals in different occupations. The mean values and CIs should be useful as reference data.
The only available study of sex and momentary sleepiness did not find any difference , while the present study found a higher level in women. The higher level is in line with the more frequent complaint of sleep problems in women than men (Mallon et al., 2014) . The type of occupation is probably not involved as this was adjusted for. However, in the separate regression analyses using sex and separately each of the other predictors, it appeared that stress reduced the beta value of sex in predicting KSS. This suggests that a higher stress level could be part of the explanation of the difference between men and women. Possibly, also a lower sleep quality could contribute. It should be emphasized that both predictors are subjective, but that does not detract from the fact that perceived sleepiness in women is related to perceived stress and lower quality sleep. Interestingly, being married/cohabiting and having children did not affect the beta value of sex. It seems that sex differences in sleepiness is a topic worth pursuing.
With respect to age, sleepiness was highest in the youngest age group and was a significant predictor in the multiple regression analysis. This is in line with previous work Univariate and multivariate model. Df = 751 for multivariate and 752 for all univariate analyses. *P < 0.05, **P < 0.01, ***P < 0.001. The multivariate analysis has one common intercept.
ª 2017 European Sleep Research Society showing higher sleepiness in young individuals (Anund et al., 2008; Theorell-Haglow et al., 2006) , using the ESS and the KSS, respectively. The age effect was relatively modest, but still a significant predictor in the multiple regression analysis after adjusting for sleep quality, sleep duration and stress. The present sample did not contain individuals above 65 years (the common retirement age), which may be one reason for the age effect being modest. The cross-sectional finding that stress and sleepiness were closely linked was supported by the longitudinal mixedmodel regression. However, because stress was measured simultaneously with sleepiness, causation is not possible to infer. However, one study of day-to-day relations across 42 days indicates that stress reports from the evening before is related to next day sleepiness (Akerstedt et al., 2013) . In another study, sleepiness increased when stress increased during a (predicted) period of high work stress (Dahlgren et al., 2005) . The reason for the link between stress and sleepiness may not be immediately intuitive as an acute increase in stress would be expected to reduce sleepiness. However, in the present case we have used mean stress during the day, probably not resulting from one acute situation, but rather a drawn-out situation of increased demands. The mechanism involved may be that increased work of the brain, through the sensory stimulation, thinking and physical activity that is associated with stress, will increase subsequent amounts of deep sleep (stages 3 + 4; Huber et al., 2006) . This remains to be demonstrated, however.
The lower level of sleepiness in the group with good sleep quality was confirmed by the two regression analyses, including the longitudinal one. Because sleep ratings were made in the morning upon awakening before the sleepiness ratings, causality is a reasonable possibility. A similar result was found in the day-to-day study mentioned above (Akerstedt et al., 2013) . It should be emphasized that the sleep quality as well as the sleepiness ratings may suffer from common method variance; an individual reporting poor sleep may run a risk of also rating high sleepiness as both are part of a sleep concept.
Work days showed a considerably higher sleepiness than days off, similar to what was found in a small study of day workers (S€ oderstr€ om et al., 2004) . The cross-sectional multiple regression analysis suggests that it is the improvement in sleep quality during days off that accounts for much of the reduction of sleepiness during the day off. Stress was, however, a strong predictor in the longitudinal analysis, whereas work day/no work day was not significant. These observations suggest that reduced stress may also have been related to reduced sleepiness on the day off.
The link between sleep duration and sleepiness was present in the univariate analysis, but was no longer significant in the cross-sectional, multivariate analysis, apparently due to the strong influence of sleep quality. But, it reappeared in the longitudinal analysis, even if the coefficient was rather modest. In a previous study of day-to-day co-variation, we found similar results, that is, a modest, but significant contribution of sleep duration (Akerstedt et al., 2013) . It should be pointed out that the variations in sleep duration between and within individuals were low. More dramatic variations in sleep duration in the sample may have led to stronger effects. But, the impression of sleep duration being of limited importance to variations in sleepiness under normal life conditions remains.
The increased sleepiness during days of sickness absence has not been studied before, but in a prospective study across many days there was observed a close co-variation between daily sleepiness and (low) subjective health (Akerstedt et al., 2013) . From other research it is known that increased immune activity in response to infection will increase fatigue, which is closely related to sleepiness, presumably as part of a 'sickness behaviour' to facilitate combatting disease (Dantzer et al., 2014) .
In the present study, 6.6% of the sleepiness was above the criterion for high accident high risk. This is based on observations that the occurrence of line crossings on the road or in the driving simulator has a 25% probability of occurring within the 5 min subsequent to the high rating. It is also the level at which the probability of being taken off the road for dangerous sleepiness exceeds 40% on a real road. The prevalence of such ratings in the present study was quite low, and most was due to late evening occurrences (22:00 hours) or morning occurrences (07:00 hours). If only the time between 10:00 hours and 19:00 hours was considered, the percentage decreased to 2.2%. We suggest that the prevalence of risk-related sleepiness ratings may serve as a reference for other studies where risk indices are sought for. In one such study of air crew, we found an increased number of ratings in the risk category in connection with both eastbound and westbound night flights (Sallinen et al., 2017) .
The correlation between mean KSS during the working week and the index of habitual sleepiness (from the KSQ) was significant. Thus, sleepiness in a particular week is linked to longer term indices of sleepiness. To some extent the correlation between the two variables also suggests a certain amount of validity for both variables.
The present study has several limitations. Thus, it contains only four particular occupational areas -nursing/health care, social work, technical work and tele-call work. Even if the analyses adjusted for that variable, it is possible that other occupational groups would show somewhat different values. The subjective nature of the measure of sleepiness is a weakness, but it was also the specific focus of the present study. Other possible confounders are physical activity, light exposure and coffee intake. Information on those variables was not collected, but previous work showed that modest (100 Lux) light exposure during the peak sleepiness hours (late night) may eliminate the evening/night increase in sleepiness (Cajochen et al., 2000) . Thus, it is likely that the present results may have been somewhat different had information on light been available. However, the present sample is unlikely to differ markedly from other working life ª 2017 European Sleep Research Society samples in those respects, and the focus of the present study was real life sleepiness. Physical activity also counteracts sleepiness (Eriksen et al., 2005) , and it is likely that groups with less physical and mental activity may show higher sleepiness. Finally, one strength of the present sample is its size.
In conclusion, the present study has shown that sleepiness, as measured through the KSS, exhibits a pronounced diurnal pattern in day workers with low daytime values, but that stress and sleep quality, and work/no work should be added to the derminants of sleepiness, as well as illness, sex and age. High ratings, associated with accident risk, were rare during daytime.
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